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ÅThe US ïLHC Accelerator Research Program brings ~12 

years of Intellectual and Development effort for HL-LHC

ÅMany successful efforts have been supported by LARP:

ïMagnets, Crab Cavities, e-lens, Wide Band Feedback System, 

Rotating Collimators, Luminosity Monitors, Accelerator Physics, 

Beam Instrumentation, Irradiation assessment, etc.

ÅHiLumi-LHC became an official CERN project late 2015

ÅCD-0 for the HL-LHC Accelerator Upgrade Project (AUP) was 

approved in March

What is US-LARP?
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LARP Mandate - 2004
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Some Context

ÅP5 report places Hi-Lumi LHC as its 

highest-priority near-term large project.
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Å LARP is a collaboration between 

BNL, FNAL, LBNL, and SLAC along 

with CERN in the context of HL-LHC

US LHC Accelerator Research Program (LARP)

Å Since 2004, LARP has developed 

Nb3Sn as a viable material for the 

Low-ɓIR quads enabling HL-LHC

Å US will provide 10 cold masses

ï 8 coils per cold mass

ï Coils fab. at BNL and FNAL

ï Magnet Assembly at LBNL

MQXFA-(Q1)

MQXFA-(Q3)
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MQXF Design

ï 2 layer cos(2ɗ) design with 150 mm aperture and 4.2 m length

ï At operation: 11.4 T, 16.5 kA, 132.7 T/m (Ultimate: 12.3 T, 17.8 kA)

ÅReference: Tev: 4.4 T, 4 kA; LHC: 8.3 T, 11.9 kA

ï Cu coated quench heaters enable long coil lengths

ï Titanium pole optimizes preload

ï Robust insulation scheme reduces risk

ø 113.376 mm

ø 74.75 mm

Ti-6Al-4V pole 

Reaction & Impregnation 
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Nb3Sn Cable Technology

Å Convergence on Oxford ST RRP® 108/127 wire.

Å 40 wire Cable with SS core and Braided-On Insulation for long cable 

unit lengths

Å Nb3Sn Cable expands laterally when heat treated.

Å Nb3Sn Cable contracts axially when heat treated.

Å Room is left in coil cavity for cable to expand during heat treatment.

Å Gaps are left in the pole to allow cable to contract
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Photo courtesy of P. Ferracin

Azimuthal:
4.5% expansion allowed
Measured: 3.0 ± 0.3%

Radial:
2% Ҧ мΦн҈ ŀƭƭƻǿŜŘ ŜȄǇŀƴǎƛƻƴ

Free Cable 1.4%

LARP Cable 0.3%

Longitudinal Contraction

Pole Gaps allow 
Contraction
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